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(57) ABSTRACT

A semiconductor device and its manufacturing method are
offered to increase the number of semiconductor devices
obtained from a semiconductor wafer while simplifying a
manufacturing process. After forming a plurality of pad elec-
trodes in a predetermined region on a top surface of a semi-
conductor substrate, a supporter is bonded to the top surface
of the semiconductor substrate through an adhesive layer.
Next, an opening is formed in the semiconductor substrate in
aregion overlapping the predetermined region. A wiring layer
electrically connected with each of the pad electrodes is
formed in the opening. After that, a stacked layer structure
including the semiconductor substrate and the supporter is cut
by dicing along a dicing line that is outside the opening.

5,606,198 A * 2/1997 Onoetal. .......ceeone... 257/666 12 Claims, 9 Drawing Sheets
L/bL DL
i : 15
! 17 12 12 17 :
: N ( / ! 14
! CSNSSS TSSSSARN] ! 13
E / v 1 '/' E 11
; ( i 10

}<7_)} 19 220
16 18 10A

21 22

19—
18 16kv>§1

22



US 8,598,720 B2

Page 2
(56) References Cited 2005/0194670 Al1*  9/2005 Kameyamaetal. .......... 257/678
2005/0208735 Al* 9/2005 Nomaetal. .. ... 438/460
U.S. PATENT DOCUMENTS 2005/0269696 Al* 12/2005 Ochiai ......... ... 257/734
2005/0269698 Al* 12/2005 Okadaetal. ..........cc...... 257/737
7,897,509 B2* 3/2011 Tanakaetal ... 438/637 2006/0024949 Al* 2/2006 Yamadaetal. ... 438/622
7.919,875 B2* 4/2011 Nomaetal. .. 257/783 2006/0068572 Al* 3/2006 Nomaetal. ... .. 438/577
7,044,015 B2* 5/2011 Kitagawaetal. .. . 257/435 2006/0079025 Al* 4/2006 Kripeshetal. .. 438/113
7.986.021 B2* 7/2011 Okadaetal, .. | 257/436 2006/0270093 Al* 11/2006 Nomaetal. ... .. 438/64
8,148,254 B2* 4/2012 Kazama ........ . 438/612 2007/0026639 Al* 2/2007 Nomaetal. ... ... 438/459
2002/0013061 Al*  1/2002 Siniaguine et al. . 438/706 2007/0166957 Al*  7/2007 Kameyamaetal. .......... 438/459
2002/0016024 Al* 2/2002 Thomas ......... . 438/113 2007/0210437 Al* 9/2007 Nomaetal. ... ... 257/690
2002/0055265 Al*  5/2002 Ring ... . 438/714 2008/0135967 Al* 6/2008 Kitagawa et al. ... 257/434
2004/0087130 Al* 5/2004 Kazama et al . 438/613 2008/0203557 Al* 8/2008 Yamamoto et al ... 257/700
2004/0115902 Al* 6/2004 Hanaoka ... . 438/460 2008/0217743 Al* 9/2008 Kojimaetal. .. ... 257/620
2004/0137701 Al*  7/2004 Takao ...  438/461 2008/0277793 Al* 11/2008 Noma et al. ... ... 257/758
* 2009/0015285 Al* 12009 Farooqetal. ................ 324/763
2004/0137723 Al 7/2004 Noma et al. . 438/667 .
* 2009/0026610 Al* 1/2009 Kitagawaetal. ............. 257/737
2004/0161920 Al 8/2004 Noma ......... . 438/620 " ;
% 2009/0095974 Al 4/2009 Taguchi et al. . .. 257/99
2004/0235270 Al* 11/2004 Noma et al. . 438/460 «
2005/0003649 Al 3k 1/2005 Taka 438/612 2010/0038668 Al 2/2010 Noma """"" . 257/98
O e ' 2010/0038742 Al* 2/2010 Moritaetal. ........ccc.c.. 257/499

2005/0009238 Al* 1/2005 Okigawa .. . 438/119
2005/0176235 Al* 8/2005 Nomaetal. ..o 438/614 * cited by examiner



U.S. Patent Dec. 3, 2013 Sheet 1 of 9 US 8,598,720 B2

FIG.1
/DL E/DL
15
17 12 1\2 17 E
Z : 14
L\\\\\\\l 1 14

N

1II = f%_J _@/ \ r 10

E}<7)1’61 1

-t
O)’_\~s<

21 9o =,
X X
/!\ 4 10
T - —————== 7 =<
l 1
P B
22— 171 (17 /l 22
: I
b //g 18
' |
: _+— 10A
I |
I/ /;ﬁ/ I
bl A 18
: 17 P17 :
22~ 2
S TN_GR




U.S. Patent Dec. 3, 2013 Sheet 2 of 9 US 8,598,720 B2

FIG.3
E/DL : DL
15
1\2 1\2 3
II IV‘Q/((YV l\\\(\\\l § 1\1':;
' N
I 10
F1G.4
E/DL vDL
15
12 12

A
-— el
w H




U.S. Patent Dec. 3, 2013 Sheet 3 of 9 US 8,598,720 B2

FIG.5
/DL EfDL
15
12 12
\ \
ﬁﬁ% 113
SR SN {13
L ' 11
\ /—I \7 \\1:\\ ’\."10
o Vo
10A
FIG.6
/DL E/DL
15
12 12 '
\ \ !
, [ ( . 14
) R}\'\\:\\I l\?\\\.\\l : iy _\1 3
! /i \ ' X\\ L 1101
) ,:r 7 pa / 17 17 . ;
167 480 10a Vg lg



U.S. Patent Dec. 3, 2013 Sheet 4 of 9 US 8,598,720 B2

FIG.7

15

| 17 12 12 17 ;
i \_( [ / i 14
! W LSSSSANY I~13
i : - 11
T™~10




U.S. Patent Dec. 3, 2013 Sheet 5 of 9 US 8,598,720 B2




U.S. Patent Dec. 3, 2013 Sheet 6 of 9 US 8,598,720 B2

FIG.9
18~11 fk ~-18
— 10A
18~”7
17

22\./

\

\

—18

AN

§:\<

\)

[ /
\
N
N

FIG.10

. é//ﬁ? 17 22
184 18

N

{ —_——10A
18~”/ % TN 18
17/) 17
22 / - 22




U.S. Patent Dec. 3, 2013 Sheet 7 of 9 US 8,598,720 B2

22 17 17 22 10
8\ 1T\ \/58 /

17 ES, Eﬂ 17

58~ [\ - 58
22 - ~22

22 17 17 22 10
17\ 58\ N /58 /17/

=

177 587 35 17 17 op V58 17



U.S. Patent Dec. 3, 2013 Sheet 8 of 9 US 8,598,720 B2

FIG.13
Mes, 217 %22 1722 eg)" /1
1O\0[0/0/0l:
o
68 —

22

57
68~ - 68
22 ~22

[ 687 99 & 99 \ Ao 0p V68
17 22 17 22 gg 17 22 17

TE
B
ER
33 E
igf

PRIOR ART L/DL
115 115
) 112
11\7 1]12 /"\ ; 1/17

114~ N [ [\ [/ 114
113 SSRSSSNL 'l ! \‘ ISSNNARN] T~113
111 //* AN -'/% 111
110~ . : N +~110

L : - S E ( '|/ :;(l < IJI""'

s B e 120 ; 120 '

116 119 P110a 119 116
121 122 118 123 118 129 121



US 8,598,720 B2

Sheet 9 of 9

Dec. 3,2013

U.S. Patent

FIG.15

PRIOR ART

Ht—117

oH—117

117-\0

117-N[ |

4

7

B

B.)I‘117

JUUPRPIEY VUGN IS UG IR I I U] I Y N AR p——

17—~

117141




US 8,598,720 B2

1
SEMICONDUCTOR DEVICE AND
MANUFACTURING METHOD THEREOF

CROSS-REFERENCE OF THE INVENTION

This application claims priority from Japanese Patent
Application No. 2008-273229, the content of which is incor-
porated herein by reference in its entirety.

BACKGROUND OF THE INVENTION

1. Field of the Invention

This invention relates to a semiconductor device and its
manufacturing method, specifically to a chip size package
and its manufacturing method.

2. Description of the Related Art

A CSP (Chip Size Package) has received attention in recent
years as a new packaging technology. The CSP means a small
package having about the same outside dimensions as those
of a semiconductor die packaged in it.

A BGA (Ball Grid Array) type semiconductor device is
known as a kind of chip size package device. An example
structure of the BGA type semiconductor device is described
hereafter.

A pad electrode 112 is disposed on an insulation film 111
disposed on a top surface of a semiconductor substrate 110
that constitutes the semiconductor device, as shown in a
cross-sectional view of FIG. 14. The pad electrode 112 is
connected with an electronic device (not shown) formed in
the semiconductor substrate 110. The pad electrode 112 is
covered with an insulation film 113 that makes a passivation
film. A supporter 115 is bonded to the top surface of the
semiconductor substrate 110 through an adhesive layer 114.

On the other hand, an opening 110A is formed from a back
surface of the semiconductor substrate 110 in a region over-
lapping the pad electrode 112 and a dicing line DL. An insu-
lation film 116 is formed in an inside of the opening 110A and
over the back surface of the semiconductor substrate 110. An
opening 117 that exposes a portion of the pad electrode 112 is
formed in the insulation films 111 and 116 that overlap the
pad electrode 112. On the insulation film 116, there is dis-
posed a wiring layer 118 that is connected with the pad
electrode 112 through the opening 117. The wiring layer 118
is covered with an insulation film 119 and a protection film
120. An opening that exposes a portion of the wiring layer 118
is provided in the insulation film 119 and the protection film
120 that overlap the wiring layer 118. A plating layer 121
made of gold plating, for example, is disposed on the wiring
layer 118 in the opening. A bump electrode 122 is disposed on
the plating layer 121.

A groove 123 extending partway through a thickness of the
supporter 115 is formed along the dicing line DL in the
opening 110A in the semiconductor substrate. The protection
film 120 covers the groove 123. The structure as described
above eliminates a possibility that a damaged layer which
allows invasion of water or the like to corrode the pad elec-
trode 112 in the semiconductor device after dicing is caused
on a side surface of the semiconductor substrate 110. Also,
there can be prevented a connection failure between the pad
electrode 112 and the wiring layer 118 due to an impact
caused when a dicing blade touches the semiconductor sub-
strate 110.

The structure described above looks as shown in FIG. 15
when looked from a back surface-side of the semiconductor
substrate 110. A cross-sectional view of a section Y-Y in FIG.
15 corresponds to FIG. 14. FIG. 15 shows only the semicon-
ductor substrate 110, the openings 110A, the openings 117,
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the bump electrodes 122 and the dicing lines DL out of the
components shown in FIG. 14, and the rest of the components
are omitted for the sake of convenience of the explanation.

The BGA type semiconductor device is described in Japa-
nese Patent Application Publication No. 2005-72554, for
example.

As described above, there is a need to secure a region
corresponding to a width of the groove 123 between a pair of
the pad electrodes 112 astride the dicing line DL in order to
prevent the corrosion of the pad electrode 112 and the con-
nection failure between the pad electrode 112 and the wiring
layer 118, when the groove 123 is formed along the dicing
line DL and covered with the protection film 120. That is, the
conventional semiconductor device requires an additional
area of the semiconductor substrate 110 to form each of the
semiconductor devices. As a result, the number of the semi-
conductor devices obtained from a wafer form of the semi-
conductor substrate 110 has been reduced. In addition, the
forming of the groove 123 has made the manufacturing pro-
cess of the semiconductor device more complicated to
increase the manufacturing cost. Furthermore, the reliability
of the semiconductor device has been reduced because the
pad electrodes 112 are disposed outside a guard ring GR that
protects internal components by surrounding them.

SUMMARY OF THE INVENTION

The invention provides a semiconductor device that
includes a semiconductor substrate having an opening
formed therein, a supporter bonded to the top surface of the
semiconductor substrate so as to cover the opening, an adhe-
sive layer boding the supporter to the top surface of the
semiconductor substrate, a plurality of pad electrodes dis-
posed in the opening so as to be on the supporter, and a
plurality of wiring layers electrically connected to corre-
sponding pad electrodes in the opening. The supporter and the
adhesive layer may be replaced with an insulation film.

The invention also provides a method of manufacturing a
semiconductor device. The method includes providing a
semiconductor substrate, forming a plurality of pad elec-
trodes in a predetermined region on a top surface of the
semiconductor substrate, bonding a supporter to the top sur-
face of the semiconductor substrate using an adhesive, form-
ing an opening in the semiconductor substrate at the prede-
termined region so as to penetrate through the semiconductor
substrate, forming a plurality of wiring layers on a bottom
surface of the semiconductor substrate so that the wiring
layers are electrically connected to corresponding pad elec-
trodes in the opening, and dicing a stacked layer structure
comprising the semiconductor substrate and the supporter
along a dicing line to produce a semiconductor device so that
the opening remains in the produced semiconductor device
without being cut through.

The invention further provides a semiconductor device that
includes a semiconductor substrate having a front surface and
aback surface and having an opening penetrating through the
semiconductor substrate, an insulating body disposed on the
front surface of the semiconductor substrate and covering the
opening of the semiconductor substrate, a plurality of pad
electrodes disposed in the opening of the semiconductor sub-
strate so as to be on the insulating body, and a plurality of
wiring layers electrically connected to corresponding pad
electrodes and disposed on the back surface of the semicon-
ductor substrate. In plan view of the semiconductor device,



US 8,598,720 B2

3

the wiring layers extend radially from the opening of the
semiconductor substrate toward corresponding edges of the
semiconductor substrate.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a cross-sectional view showing a semiconductor
device and its manufacturing method according to an embodi-
ment of this invention.

FIG. 2 is a plan view showing the semiconductor device
according to the embodiment of this invention.

FIG. 3 is a cross-sectional view showing the semiconduc-
tor device and its manufacturing method according to the
embodiment of this invention.

FIG. 4 is a cross-sectional view showing the semiconduc-
tor device and its manufacturing method according to the
embodiment of this invention.

FIG. 5 is a cross-sectional view showing the semiconduc-
tor device and its manufacturing method according to the
embodiment of this invention.

FIG. 6 is a cross-sectional view showing the semiconduc-
tor device and its manufacturing method according to the
embodiment of this invention.

FIG. 7 is a cross-sectional view showing the semiconduc-
tor device and its manufacturing method according to the
embodiment of this invention.

FIG. 8 is a plan view showing the semiconductor device
and its manufacturing method according to the embodiment
of this invention.

FIG. 9 is a plan view showing the semiconductor device
according to the embodiment of this invention.

FIG. 10 is a plan view showing the semiconductor device
according to the embodiment of this invention.

FIG. 11 is a plan view showing the semiconductor device
according to the embodiment of this invention.

FIG. 12 is a plan view showing the semiconductor device
according to the embodiment of this invention.

FIG. 13 is a plan view showing the semiconductor device
according to the embodiment of this invention.

FIG. 14 is a cross-sectional view showing a conventional
semiconductor device and its manufacturing method.

FIG. 15 is a cross-sectional view showing the conventional
semiconductor device and its manufacturing method.

DETAILED DESCRIPTION OF THE INVENTION

A semiconductor device according to an embodiment of
this invention is hereafter described referring to the drawings.
First, a structure of the semiconductor device will be
described. FIG. 1 is a cross-sectional view showing the semi-
conductor device and its manufacturing method. FIG. 1 pri-
marily shows one semiconductor device out of a plurality of
the semiconductor devices formed in a wafer form of a semi-
conductor substrate 10. The cross-sectional view shown in
FIG. 1 corresponds to a section X-X in an outline plan view
shown in FIG. 2.

An insulation film 11 made of a BPSG (Boro-Phospho
Silicate Glass) film or the like is disposed on a top surface of
the semiconductor substrate 10 constituting the semiconduc-
tor device, and a plurality of pad electrodes 12 made of
aluminum or the like is disposed on it, as shown in FIG. 1. The
pad electrodes 12 may be made of aluminum and copper, or
may be made of copper. The pad electrodes 12, each con-
nected with an electronic device (not shown) formed in the
semiconductor substrate 10, are electrically independent
from each other and disposed together in a predetermined
region away from dicing lines DL. In the device shown in
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FIGS.1and 2, each pad electrode 12 connected to a respective
electronic device is connected to bump electrode 22 for exter-
nal connection formed on the back surface of the semicon-
ductor substrate 10. Four connections between the pad elec-
trodes 12 and bump electrodes 22 are made through an
opening 10A formed in the semiconductor substrate 10.

A horizontal shape of the semiconductor substrate 10 is
square or approximately square, for example.

The pad electrodes 12 are covered with an insulation film
13 made of a silicon nitride film or the like that makes a
passivation film. A supporter 15 is bonded to the top surface
of the semiconductor substrate 10 through an adhesive layer
14 made of organic resin or the like. The supporter 15 is made
of glass in this embodiment. However, it may be made of
other material such as resin or silicon.

An opening 10A is formed in the semiconductor substrate
10 in a region overlapping the predetermined region where
the plurality of pad electrodes 12 is disposed. That is, the
plurality of pad electrodes 12 is disposed together in the
opening 10A. The opening 10A is thoroughly surrounded by
the semiconductor substrate 10, and is formed in a region not
overlapping the dicing line DL. The opening 10A is horizon-
tally shaped in a square with an edge that is 200 pm-500 pm
long, for example. Further, it is preferable that the opening
10A is formed at a location around or approximately around
a center of the semiconductor device, in other words, at a
location away from the dicing lines DL. An insulation film 16
made of a silicon oxide film or the like is formed in the
opening 10A and extending over a back surface of the semi-
conductor substrate 10.

An opening 17 is formed in the insulation films 11 and 16
in a region overlapping a portion of each of the pad electrodes
12. The opening 17 is horizontally shaped in a square with an
edge that is 20 um-80 um long, for example.

There is disposed a wiring layer 18 that is connected with
each of the pad electrodes 12 through corresponding each of
the openings 17. The wiring layer 18 is formed to have a
desired pattern. The wiring layer 18 is made of aluminum, for
example. However, it may be made of other material such as
one including copper, for example, or may be made of copper.
The wiring layer 18 may be also used as a light-shielding film
for the electronic device (not shown). The wiring layer 18 is
covered with an insulation film 19 made of a silicon oxide
film or the like and a protection film 20 made of organic resin
or the like.

An opening that exposes a portion of the wiring layer 18 is
provided in the insulation film 19 and the protection film 20
that overlap the wiring layer 18. A plating layer 21 made of
gold plating, for example, is disposed on the wiring layer 18
in the opening. A bump electrode 22 made of solder, gold or
the like is disposed on the plating layer 21. The plating layer
21 serves to connect the wiring layer 18 to the bump electrode
22 favorably.

Since a distance between the pad electrode 12 and the
dicing line DL is greater in the semiconductor device accord-
ing to the embodiment of this invention than in the conven-
tional semiconductor device, the corrosion of the pad elec-
trode 12 due to the invasion of water or the like from the side
surface of the semiconductor device occurs less likely, even
when a cut surface is formed by a dicing blade (not shown) on
the semiconductor substrate 10 at the dicing.

Also because the distance between the pad electrode 12
and the dicing line DL is greater in the semiconductor device
according to the embodiment than in the conventional semi-
conductor device, there can be prevented a connection failure
between the pad electrode 12 and the wiring layer 18 due to an
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impact caused when the dicing blade touches the semicon-
ductor substrate 10 during the dicing.

That is, the semiconductor device according to the embodi-
ment of this invention does not require forming a groove
similar to the groove 123 that extends partway through the
thickness of the supporter 115 along the dicing line DL in the
conventional semiconductor device in order to prevent the
connection failure between the pad electrode 112 and the
wiring layer 118.

Thus, an area of the semiconductor substrate 10 required to
form the semiconductor device according to the embodiment
is reduced by an amount of area required to form the groove
123 in the conventional semiconductor device, and the num-
ber of semiconductor devices obtained from a wafer form of
the semiconductor substrate 10 is increased compared with
the conventional semiconductor device. In addition, eliminat-
ing the need to form the groove as required in the conventional
semiconductor device makes the manufacturing process sim-
pler and reduces the manufacturing cost as a result.

Since the semiconductor device according to the embodi-
ment does not have a slanted plane on its side surface similar
to a sidewall of the opening 110A in the conventional semi-
conductor device, an area of the back surface can be increased
compared with the conventional semiconductor device. As a
result, mechanical strength of the semiconductor substrate 10
is increased compared with that of the conventional semicon-
ductor device, and mechanical strength of the semiconductor
device at the time of assembly is also increased. When the
wiring layer 18 is also used as the light-shielding film for the
electronic device (not shown), a light-shielding capability can
be increased as an area and flexibility in the patterning of the
wiring layer 18 is increased compared with those of the con-
ventional semiconductor device.

In addition, the reliability of the semiconductor device is
improved because the pad electrodes 12 are disposed inside
the guard ring GR that is formed along a periphery of the
semiconductor substrate 10.

The structure described above looks as shown in FIG. 2,
when looked from a back surface-side of the semiconductor
substrate 10. The cross-sectional view of the section X-X in
FIG. 2 corresponds to FIG. 1. FIG. 2 shows only the semi-
conductor substrate 10, the openings 10A, the openings 17,
the bump electrodes 22 and the dicing lines DL out of the
components shown in FIG. 1 and the rest of the components
are omitted, for the sake of convenience of the explanation.

Next, a method of manufacturing the semiconductor
device having the structure as described above will be
explained referring to the drawings. FIGS. 3 through 7 are
cross-sectional views of the semiconductor device, and pri-
marily show a region in which one semiconductor device out
of a plurality of the semiconductor devices formed in the
wafer form of the semiconductor substrate 10 is to be formed.

First, there is provided a semiconductor substrate 10 made
of'a silicon substrate of a thickness of approximately 100-700
um, for example, as shown in FIG. 3. Electronic devices (not
shown), such as transistors, are formed in the top surface of
the semiconductor substrate 10. The electronic devices are
covered with the insulation film 11 made of the BPSG film or
the like.

Next, the plurality of pad electrodes 12 that is electrically
connected with the electronic devices is formed on the insu-
lation film 11 in the predetermined region away from the
dicing lines DL.

It is preferable that the predetermined region is located
around or approximately around a center of a region where
the semiconductor device is to be formed. A case in which the
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predetermined region is located around the center of the
region where the semiconductor device is to be formed is
described hereafter.

Next, the passivation film 13 made of the silicon nitride
film or the like is formed to cover the pad electrodes 12 and
the insulation film 11. After that, the adhesive layer 14 is
formed on the passivation film 13 by applying adhesive
including organic resin or the like, and the supporter 15 is
bonded to the top surface of the semiconductor substrate 10
through the adhesive layer 14. The supporter 15 is made of a
material transparent to light or a material non-transparent to
light, and is about 100-700 pum thick, for example. The sup-
porter 15 is made of glass, for example, in the explanation of
the embodiment. However, it may be made of other material
such as resin or silicon.

Next, back-grinding is performed on the semiconductor
substrate 10 bonded to the supporter 15 until the thickness of
the semiconductor substrate 10 is reduced to 50-150 pm, for
example, as shown in FIG. 4.

The semiconductor substrate 10 in the region overlapping
the predetermined region where the plurality of pad elec-
trodes 12 is formed is removed by etching. As a result, the
opening 10A is formed in the semiconductor substrate 10 in
the region overlapping the predetermined region where the
plurality of pad electrodes 12 is formed. That is, the plurality
of'pad electrodes 12 is in the opening 10A. The opening 10A
is formed in the region that does not overlap the dicing line
DL. The insulation film 11 is exposed in the bottom of the
opening 10A.

It is preferable that a sidewall of the semiconductor sub-
strate 10 in the opening 10A is formed to be tapered down
toward the supporter 15. By doing so, coverage of each of the
layers formed to cover the semiconductor substrate 10 and the
supporter 15 in subsequent process steps is improved.

Next, the insulation film 16 made of the silicon oxide film
or the like is formed to cover the inside of the opening 10A
and the back surface of the semiconductor substrate 10.

After that, a portion of the insulation films 11 and 16
overlapping in the opening 10A is etched off to form the
opening 17 that exposes a portion of each of the pad elec-
trodes 12, as shown in FIG. 5.

Next, there is formed the wiring layer 18 that is connected
with the pad electrode 12 through the opening 17 in the
insulation films 11 and 16 and extending from the inside of
the opening 10A in the semiconductor substrate 10 to over the
back surface of the semiconductor substrate 10, as shown in
FIG. 6. The wiring layer 18 is made of aluminum, for
example. However, it may be made of other material such as
one including copper, for example, or may be made of copper.

Next, the wiring layer 18 is shaped into the desired pattern
by etching using a mask (not shown) formed by photolithog-
raphy orthe like, as shown in FIG. 7. The wiring layer 18 does
not overlap the dicing line DL, and an edge of the wiring layer
18 is located on an inner side (a side closer to the opening
10A) than the dicing line DL in the example shown in the
drawing.

After that, the insulation film 19 made of the silicon oxide
film or the like is formed to cover the wiring layer 18. The
opening to expose the portion of the wiring layer 18 is formed
in the insulation film 19, and the plating layer 21 made of gold
plating, for example, and connected with the wiring layer 18
is formed in the opening. Furthermore, the protection film 20
made of organic resin or the like is formed to cover the
insulation film 19 and the plating layer 21. The opening to
expose the plating layer 21 is formed in the protection film 20,
and the bump electrode 22 made of solder, gold or the like is
formed on the plating layer in the opening. The plating layer
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21 is horizontally shaped in a circle or in other shape such as
a rectangle or a polygon, and the bump electrode 22 formed
on it reflects the shape of the plating layer 21 and is also
formed in the shape of the circle or in the other shape such as
the rectangle or the polygon. The plating layer 21 and the
bump electrode 22 are depicted to be formed in the shape of
the circle in the drawing.

Relative locations of openings 10A in the semiconductor
substrate 10, the opening 17 in the insulation films 11 and 16
and the dicing lines DL described above are as shown in FIG.
8 when looked from the back surface-side of the semiconduc-
tor substrate 10. A section X-X in FIG. 8 corresponds to the
cross-sectional views shown in FIGS. 3 through 7. FIG. 8
shows only the semiconductor substrate 10, the openings
10A, the openings 17, the wiring layers 18, the bump elec-
trodes 22 and the dicing lines DL out of the components
shown in FIGS. 3 through 7, and the rest of the components
are omitted for the sake of convenience of the explanation.

After that, the stacked layer structure including the semi-
conductor substrate 10 and the supporter 15 are separated into
a plurality of the semiconductor devices by dicing along the
dicing lines DL. Since the pad electrodes 12 are located far
away from the dicing lines DL, the corrosion of the pad
electrodes 12 due to the invasion of water or the like from the
side surface of the semiconductor device occurs less likely,
even when the cut surface is formed by the dicing blade on the
semiconductor substrate 10 and the supporter 15 at the dicing.
Also, there can be prevented a connection failure between the
pad electrode 12 and the wiring layer 18 due to the impact
caused when the dicing blade touches the semiconductor
substrate 10.

The relative locations of the openings 17 in the insulation
films 11 and 16, the wiring layers 18 and the bump electrodes
22 are not limited to those shown in FIG. 2 and FIG. 8, and
may be those in modified examples as described below. FIGS.
9 through 13 are outline plan views of semiconductor devices
according to the modified examples of the embodiment of this
invention. Cross-sectional structures of the semiconductor
devices according to the modified examples are similar to the
cross-sectional structure shown in FIG. 1, and their manufac-
turing method is similar to the manufacturing method shown
in FIGS. 3 through 7. Thus, explanations on them are omitted.

The pad electrode 12 may be formed to have a shape of a
rectangle as sown in FIG. 9, for example.

Also, the openings 10A and the openings 17 may be
formed in a circular shape as shown in FIG. 10 in order to
minimize an area of the region in which the openings 10A in
the semiconductor substrate 10 and the openings 17 in the
insulation films 11 and 16 are formed.

Also, when ten each of the openings 17 in the insulation
films 11 and 16 and the bump electrodes 22 are disposed on
the square-shaped semiconductor substrate 10, each of the
bump electrodes 22 may be connected with corresponding
each of the pad electrodes 12 in the opening 10A in the
semiconductor substrate 10 through corresponding each of
the openings 17 in the insulation films 11 and 16 by a wiring
layer 58 formed of the same material and by the same manu-
facturing method as the wiring layer 18, as shown in FIG. 11.
In this example, some of the rectangle-shaped openings 17
are disposed in the square-shaped opening 10A along an edge
of the opening 10A in the semiconductor substrate 10 while
some other openings 17 are disposed along an orthogonal
edge.

Or, ten each of the openings 17 in the insulation films 11
and 16 and the bump electrodes 22 may be disposed on the
rectangle-shaped semiconductor substrate 10 as shown in
FIG. 12.
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Or, twelve each of the openings 17 in the insulation films
11 and 16 and the bump electrodes 22 may be disposed on the
rectangle-shaped semiconductor substrate 10 as shown in
FIG. 13. In this case, the wiring layer 68 formed of the same
material and by the same manufacturing method as the wiring
layer 18 preferably has a circular shape in the region where
the bump electrode 22 is formed in order to increase flexibil-
ity in patterning the wiring layer.

It is apparent that this invention is not limited to the
embodiment described above and may be modified within the
scope of the invention.

For example, although the plating layer 21 is formed
between the bump electrode 22 and the wiring layer 18, 58 or
68 in the embodiment, the plating layer 21 is not necessarily
formed and the bump electrode 22 may be directly connected
with the wiring layer 18, 58 or 68. When the wiring layer 18,
58 or 68 is made of copper, for example, the material gives a
good electrical connection by its nature even when the bump
electrode 22 is directly connected with the wiring layer 18, 58
or 68.

Also, the bump electrodes 22 are not necessarily formed in
the embodiment described above. For example, conductive
paste (not shown) including silver or the like may be formed
instead of the bump electrode 22.

Also, an opening to expose the pad electrode 12 may be
formed in the supporter 15 and a wiring layer or an electrode
connected with the pad electrode 12 through the opening may
be formed in the embodiment described above. With this
structure, another of the semiconductor device can be stacked
on top of the supporter 15 so that two of the semiconductor
devices are electrically connected through the wiring layer or
the electrode described above.

Also, the supporter 15 may be removed after dicing the
stacked layer structure including the semiconductor substrate
10 and the supporter 15 in the embodiment described above.
That is, the embodiment may be applied to the semiconductor
device that does not include the supporter 15 in the finished
product. In this case, the insulation film 13 may be formed
thick enough to have a sufficient mechanical strength to
replace the supporter 15. In addition, a protection film may be
formed over the insulation film 13. A material of the protec-
tion film is not specified, and may be made of organic resin,
for example.

In addition, an opening to expose the pad electrode 12 may
be formed in the insulation film 13 or in the insulation film 13
and the protection film thereon, and a wiring layer or an
electrode connected with the pad electrode 12 through the
opening may be formed on the insulation film 13 or on the
protection film. With this structure, another of the semicon-
ductor device can be stacked on top of the insulation film 13
or on top of the protection film so that two of the semicon-
ductor devices are electrically connected through the wiring
layer or the electrode described above.

According to the embodiment of this invention, forming
the groove along the dicing line as required in the conven-
tional art is no longer necessary, since the pad electrodes are
not disposed in the periphery of the semiconductor device, i.e.
in the vicinity of the dicing line. As a result, the area of the
semiconductor substrate required to form the semiconductor
device is reduced compared with the conventional art, and the
number of the semiconductor devices obtained from a wafer
form of the semiconductor substrate is increased. In addition,
eliminating the need to form the groove makes the manufac-
turing process simpler and reduces the manufacturing cost as
a result. Furthermore, the reliability of the semiconductor
device is improved because the pad electrodes are disposed
inside the guard ring.
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What is claimed is:

1. A semiconductor device comprising:

a separated semiconductor die having an opening formed
therein, the opening not being separated into two or
more openings;

a supporter bonded to a top surface of the separated semi-
conductor die so as to cover the opening;

an adhesive layer boding the supporter to the top surface of
the separated semiconductor die;

a plurality of pad electrodes disposed in the opening so as
to be on the supporter; and

aplurality of wiring layers electrically connected to corre-
sponding pad electrodes in the opening.

2. The semiconductor device of claim 1, wherein the open-
ing is disposed around a center of the separated semiconduc-
tor die.

3. The semiconductor device of claim 1, wherein the sepa-
rated semiconductor die has a rectangular shape.

4. The semiconductor device of claim 1, wherein the open-
ing has four corners in plan view of the semiconductor device,
and four pad electrodes are in the opening so that a pad
electrodes is disposed adjacent each corner.

5. A semiconductor device comprising:

a separated semiconductor die having an opening formed
therein; the opening not being separated into two or
more openings;

an insulation film disposed on the separated semiconductor
die so as to cover the opening;

a plurality of pad electrodes disposed in the opening so as
to be disposed on the insulation film; and

aplurality of wiring layers electrically connected to corre-
sponding pad electrodes in the opening.

6. The semiconductor device of claim 5, wherein the open-
ing is disposed around a center of the separated semiconduc-
tor die.

7. A method of manufacturing a semiconductor device
comprising:

providing a semiconductor substrate;

forming a plurality of pad electrodes in a predetermined
region of the semiconductor substrate on a top surface of
the semiconductor substrate;

bonding a supporter to the top surface ofthe semiconductor
substrate using an adhesive;

20

25

35

40

10

forming an opening in the semiconductor substrate at the
predetermined region so as to penetrate through the
semiconductor substrate;

forming a plurality of wiring layers on a bottom surface of
the semiconductor substrate so that the wiring layers are
electrically connected to corresponding pad electrodes
in the opening; and

dicing a stacked layer structure comprising the semicon-
ductor substrate and the supporter along a dicing line to
produce a semiconductor device, wherein, after the dic-
ing has been completed to produce the semiconductor
device, the entire opening remains in the produced semi-
conductor device without being cut.

8. The method of claim 7, wherein the predetermined
region and the opening are formed around a center of the
semiconductor substrate.

9. The method of claim 7, further comprising forming an
insulation film to cover the semiconductor substrate and the
pad electrodes and removing the supporter after the dicing.

10. The method of claim 7, wherein the opening is defined
by a closed boundary in plan view of the semiconductor die.

11. The method of claim 9, wherein the predetermined
region and the opening are formed around a center of the
semiconductor substrate.

12. A semiconductor device comprising:

a separated semiconductor die having a front surface and a
back surface and having an opening penetrating through
the separated semiconductor die, the opening not being
separated into two or more openings;

an insulating body disposed on the front surface of the
separated semiconductor die and covering the opening
of the separated semiconductor die;

a plurality of pad electrodes disposed in the opening of the
semiconductor die so as to be on the insulating body; and

a plurality of wiring layers electrically connected to corre-
sponding pad electrodes and disposed on the back sur-
face of the separated semiconductor die,

wherein, in plan view of the semiconductor device, the
wiring layers extend radially from the opening of the
separated semiconductor die toward corresponding
edges of the separated semiconductor die.

#* #* #* #* #*



